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Method of signal reconstruction, imaging device and computer program product 

EPO - DG 1 

09. 09.2002 



The invention relates to the method of signal reconstruction comprising a 
dynamic range control processing of an input image signal to generate an output image 
signal. The invention also relates to an imaging device for a signal reconstruction comprising 
a meatus for dynamic range contrpl processing of an input image signal to generate an output 
image signal. Further the invention also relates to a computer program product. 

An imaging device usually comprises an optical system for generating an 
image and a sensor means for transferring the optical image into an analog signal. The analog 
signal comprises the image information. The sensor means may either be a black/white 
sensor or a color sensor. Such a sensor usually is constituted by a matrix of pixels arranged in 
an array which may function as a CMOS-based device or as a CCD-type device. The analog 
signal of such a device comprises information according to the optical information as sensed 
by each pixel and is usually converted for further processing by an analog digital converter 
(ADC). ~~ 

A color signal may be provided in one of the standards known as the Y-UV 
system or the RGB-system. The luminance and color coordinates of both systems may be 
transformed into each other by a suitable matrix transformation. In the RGB-system the 
luminance may be derived from the R-, G- and B-components while in the Y-UV system the 
luminance is provided as the Y-component. 



The analog signal is transferred by an analog digital converter (ADC) to a 
digital signal. The analog and digital information may be scaled in a certain bit range 
depending on the ADC. This range is referred to as the dynamic range of the image. Some 
prior art methods, such as the one disclosed in US 2001/0005227 Al, provide a suitable 
imaging device capable of remarkably increasing the dynamic range of an amplification-type 
CMOS image sensor and obtaining a good image from a small signal to large signal 
amplification and preventing the signal from being clipped. 

More advantageous contemporary methods of analog digital conversion of the 
analog to the digital signal, such as the one disclosed by WO 99/60524, attempt to increase 
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providing the input signal; 

determining an amount of dynamic range control processing by: 

- specifying an input range of the input signal, and 

- specifying an output range of the output signal; 

5 - selecting a convex function as a non-linear transfer characteristic capable of 

compressing the input signal according to the amount; 

processing the input signal wherein the input signal is transferred by means of 
the convex function; 

generating the output signal ^s a result of the processing. 
10 As regards the apparatus, the object is achieved by an imaging device as 

mentioned in the introduction, wherein according to the invention the device comprises: 
an input means for providing an input signal; 

a means for determining an amount of dynamic range control processing 

comprising: 

15 - a means for specifying an input range of the input signal, and 

- a means for specifying an output range of the output signal; 

a computing means for selecting a convex function as a non-linear transfer 
characteristic capable of compressing the input signal according to the amount; 

a processing means for transferring the input signal by means of the convex 

20 function; 

an output means for generating the output signal as received by the processing 

means. 

Further, the invention leads to a computer program product storable on a 
medium readable by computer system, comprising a software code section, which induces the 
25 computer system to execute the proposed method when the product is executed on the 
computer system. 

The proposed concept has arisen from the desire to specify an advantageous 
way of controlling a signal transfer in a dynamic range by suitably processing an image 
signal during signal reconstruction. The invention has realized, that conventionally any kind 
30 of transfer function is considered as suitable to process an image signal during dynamic range 
control, as e. g. mentioned in WO 99/62524. However, such a general approach does not 
account for certain specifications, which may characterize a specific image. The main idea 
behind the proposed concept is to provide a transfer characteristic capable of compressing the 
input signal, which may also be adapted to the specific demands of an input image to be 
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processed. According to the proposed concept, a convex function is selected as a non-linear 
transfer characteristic capable of compressing the input signal according to the determined 
amount of dynamic range control processing. The input signal is processed, wherein the input 
signal is transferred by means of the convex function according to the determined amount of 
5 dynamic range control processing. Thus, an output signal is generated wherein all details, in 
particular details of light parts as compared to dark parts, are particularly well visible. 
Information, which would be lost with conventional methods, is advantageously preserved, 
albeit with an unavoidable reduction of the modulation depth. 

. Such an advantage is achieved by determining the amount of dynamic range. 
10 control processing by specifying at least an input range of the input signal and an output 
range of the output signal. Consequently, the input signal is transferred by means of the 
convex function according to the specific demands of an input and output signal. Therefore, 
the best quality for each input signal is achieved. The method may be realized according to 
the limits of a device used for signal reconstruction, 
j 5 Further developed configurations of the invention are outlined in the 

dependent claims. 

The input and/or output range is preferably determined by means of a peak 
value and/or an exposure average value taken from the signal. Such values may be 
determined by measuring and/or performing a histogram analysis of the signal. A luminance 
20 signal is particularly suitable as a signal. 

The input signal is conveniently compressed if the peak value of the input 
signal exceeds the output range. It may also be desirable to compress a mere fraction of the 
image e. g. the bright scene fractions of an image. 

Most preferably the convex function is selected according to the determined 
25 amount of dynamic range control processing. In particular, the convex function is selected 
depending on the input and/or output range. A convex function is generally curved at the top 
and therefore has at least for one value a negative curvature. 

La a preferred configuration the convex function is formed by at least a first 
and a second part with a kneepoint as a point of intersection of the first and second part. In 
30 this case, preferably the first part of the convex function has an average steepness exceeding 
that of the second part to form a convex function. The kneepoint may be defined by x- and y- 
coordinates, wherein the y-coordinate corresponds to the kneelevel. 

The kneepoint is preferably located on the convex function at a specified 
kneelevel separating the first part and the second part. The first and second part of the convex 
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function are each formed most advantageously by a linear function with a constant steepness. 
Such a convex function configuration allows a particularly advantageous functional 
adaptation with regard to a signal. The function itself is simple enough to keep computing 
efforts low and is adaptable to a signal in a particular convenient way. These and other 
preferred configurations will be described in the following. 

In a first variant the convex function may be selected by varying the steepness 
of the second part, in particular, by simultaneously keeping the kneelevel constant. 

In a second variant the convex function may be selected by varying the 
kneeled of the convex function, jn particular by simultaneously keeping the steepness of the 
second part constant. 

In the preferred configuration the convex function is selected depending on the 
amount of dynamic range control processing function, in particular depending on the input 
and/or output range, wherein a combination of varying the steepness of the first variant and 
varying the kneelevel of the second variant is available. 

A particularly preferred criteria for selecting the convex function is as follows: 
The varying of the steepness of the second part is preferably selected if the input range of the 
input signal exceeds a pre-determined threshold level. Also, if a chosen kneelevel exceeds the 
output range the varying of the steepness of the second part is preferred. 

The image signal may be any signal suitable for describing an image in 
contemporary imaging devices. The image signal in particular has a number of components, 
which may include a luminance component and/or one or more color components, e. g. the ' 
image signal is a Y-UV-signal or an RGB signal. Preferably, an amount of dynamic range 
control processing is determined on a Y-signal, in particular a Y-signal derived from an R-, 
G-, and B-component or determined on at least one component of an R- and G- and B- 
component. 

The above concept may be variously implemented in a processing chain for 
signal reconstruction. The input signal is preferably a digital signal, as will be explained in 
more detail with reference to Fig. 1 in the detailed description. 

In particular, the digital signal is received from a white signal-balancing 
module and the output signal is provided to a gamma-control module. Thus, it is possible to 
advantageously apply an amount of compression range common to all signal components for 
dynamic range control processing and/or to process the components by means of a common 
convex function. 
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Further, the input signal may also be an analog signal, which will be explained 
in more detail with reference to Fig. 6 in the detailed description. In such a case the input 
signal is received from a sensor, in particular a sensor matrix, and the output signal is 
provided in particular to an analog digital converter. Most preferably in such a case a specific 
amount of compression range is specifically applied to at least one or all of the signal 
components for dynamic range control processing and/or each of the components is 
processed by transferring the component by means of a specific convex function according to 
a determined amount specific to each component. Consequently, each component is treated in 
a separate and specific way according to the advantageous demands of each.component. Each 
component may be used to select the steepness, and/or kneelevel and/or input range. Still also 
there may be selected from according to a common signal, in particular a luminance signal. 
Furthermore, the steepness and/or kneelevel and/or input range may also be selected 
according to a sensor matrix and/or a temperature value for each signal component, in 
particular a color component. 

If the input signal is an analog signal in a further developed configuration the 
input and/or output range may also be determined from a digital signal, which will be 
explained in more detail with reference to Fig. 10 in the detailed description. 

It is particular preferable to provide an exposure measurement in a loop 
parallel to the dynamic range control processing. Also it is preferable to provide a white 
balance control in a loop parallel to the dynamic range control processing. In the above 
further developed configuration it advantageously one singe parallel loop for an exposure 
measurement is provided. 

In particular for the case of the further developed configuration it is 
advantageous that original data of the input signal are retrieved. As the original data on most 
reliable for determining the amount of dynamic range control processing, these are preferably 
provided to an exposure measurement and a white balance control. Preferably the original 
data are retrieved by means of an inverse non-linear transfer characteristic. If, however, a 
histogram is used for an exposure measurement, it is also possible to apply a histogram 
stretcher alternatively or additionally. 

An exposure measurement is preferably controlled to assign the maximum 
output signal amplitude to apeak value of white. In particular, if an inverse non-linear 
transfer characteristic is used such control is preferably provided to prevent errors at an 
increasing scene illumination. 
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As regards the computer program product, it may comprise a module for 
calculation of a dynamic look-up table for selection of a convex function as a non-linear 
transfer characteristic depending on at least one of the parameters selected from the group 
counting of: peak value, exposure average value, input range, output range, and temperature 
value. 

The computer program product may in particular comprise a module for 
calculating an inverse dynamic look-up table as an inverse non-linear transfer characteristic 
ha a further configuration, if the input signal is an analog signal, the computer program 
product may comprise a module for calculating a specific dynamic lopk-up table and a 
specific inverse dynamic look-up table, which is specifically adapted for at least one 
component of the input signal. 

In summary a dynamic range control has been described which is of particular 
interest for scenes with a high contrast between dark and bright parts. Both kinds of parts 
may contain detailed information, although, in most cases, the dark part is given priority 
during signal reconstruction processing. In such a case the dark parts of a scene are amplified 
to a level that offers sufficient visible details, whereas in most prior art cases the bright parts 
may supersede the maximum permissible signal amplitude and will then be clipped Such a 
measure will, in most cases, cause the loss of all details above and beyond the maximum 
permissible signal amplitude level. It is proposed that in particular the bright parts of a scene 
are compressed by means of a non-linear function, such that the specific demands of an input 
signal are taken into account. It is proposed that a scene is compressed in a preferred 
configuration, in particular the bright parts of ascene, by means of anon-linear transfer 
function. The transfer function is chosen to be a convex function, which can be selected 
according to the demands of the amount of dynamic range control. Such a measure allows the 
details in a bright scene part to be preserved, although this may also result in a reduction of 
the modulation death. Still such details are not lost but are instead preserved and remain 
conveniently visible. In a first preferred configuration the dynamic range control processing 
is performed on a digital signal subsequent to a white balance control and prior to a gamma- 
control of the camera. In such a case an analog digital converter should provide some extra 
bits to enable the dynamic range control processing. In a second preferred configuration the 
dynamic range control processing is performed during the early stages, i. e. "in the front" of 
image processing in a camera, preferably acting on the original analog signal of the image 
sensor. Advantageously, in such a case, an analog digital converter may be applied with less 
bits than in the first preferred configuration and a digital signal is still conveniently 
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quantified. For a proper color reproduction the convex function, as a non-linear transfer 
characteristic, is preferably applied to at least one or all of the color components of an image 
signal. In a further developed configuration the input signal is also an analog signal and the 
output range is determined from a digital signal. The proposed method is applied 
5 advantageously to a signal of an RGB-color signal of an image sensor. A computer program 
is specifically adapted via the implementation of modules to calculate specifically adapted 

look-up tables (LUTs). 

Preferred embodiments of the invention will now be described in a detailed 
description with reference to the accompanying drawing. These figures of the drawing o are 

10 meant to show examples to clarify the proposed concept in connection with the detailed 

description of a preferred embodiment and in comparison to prior art. While the considered 
preferred embodiments of the invention will be shown and described, it should of course be 
understood that various modifications and changes in form or in detail could readily be made 
without departing from the spirit of the invention. It is therefore intended that the invention 

15 may not be delimited to the exact form and details shown and described herein nor to 

anything less than the whole of the invention disclosed herein and as claimed hereinafter. 
Further, the features described in the description, the drawings and the claims disclosing the 
invention, may be essential for the invention considered alone or in combination. 

20 

The drawing shows in: 

Fig. 1 a first preferred embodiment of the method of signal reconstruction, 
wherein an automatic exposure measurement and a dynamic range control are applied to a 
digital signal behind an analog digital converter and subsequent to a matrix module and a 
25 white balance module; 

Fig. 2 a preferred scheme for selecting the convex function as a non-linear 

transfer characteristic; 

Fig. 3 a first preferred embodiment of the convex function having a fixed 
kneelevel and a variable compression in a second part of the convex function; 
30 Fig. 4 a second preferred embodiment of the convex function having a fixed 

compression in the second part of the convex function and a variable kneelevel; 

Fig. 5 an exemplifying embodiment of the convex function, wherein the 
parameters of a module for calculation of a kneelevel are defined; 
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Fig. 6 a second preferred embodiment of the method of signal reconstruction, 
wherein an automatic exposure control and a dynamic range control are applied to an analog 
signal of an image sensor before an analog digital converter is applied; 

Fig. 7 a schematic view of a set of specific knee transfer functions, each of 
which is used respectively as a convex non-linear transfer characteristic for each of the color 
components of an image signal processed according to the second preferred embodiment of 
the method of signal reconstruction; 

Fig. 8 calculated versions of the convex functions as have been shown in 
principle^ Fig. 7, to be used as an. adaptation of a matrix for obtaining a better 
quantification; 

Fig. 9 a flow diagram illustrating the processing and selection of a convex 
function according to the second preferred embodiment with regard to the parameters 
"kneelevel" and "peakvalue"; 

Fig. 10 a third preferred embodiment of the method of signal reconstruction 
similar to the one shown in Figs. 6 to 8, wherein dynamic range control processing is applied 
to an analog signal and an automatic exposure control is applied to a digital signal; 

Fig. 1 1 a schematic view of an example of an inverse dynamic look-up table as 
calculated by a respective software code section; 

Fig. 12 some exemphfying histograms of a picture with different scene 
illuminations in the range of 100 % to 40 %; 

Fig. 13 as Fig. 12 for different scene iUuminations in the range of 40 % to 

100 %; 

Fig. 14 a simplified RGB reconstruction in even rows at a half of the sensor 
pixel clock to be used within the second or third preferred embodiment of the method as 
shown in Figs. 6 and 10 respectively; 

Fig. 15 a scheme of automatic exposure measurement generating a continuous 
RGB-measurement signal in even rows to be used for RGB reconstruction of Fig. 14; 

Fig. 16 a further scheme of automatic exposure measurement generating a 
continuous RGB-measurement signal applicable at a quarter of the sensor clock speed. 



The following detailed description accompanies the drawing and comprises the following 
chapters: 

1 • Dynamic range control subsequent to a matrix- and white-balance-control 



PHNL0208 1 3EPP 

Q 10 ^ 06.09.2002 

1.1 Two types of transfer characteristics for a dynamic range control 
2. Dynamic range control before an analog digital converter 

2.1. Dynamic range control with a parallel processing loop for 

measurement 

2. 1 . 1 . The influence of a matrix and white balance parameters on a knee 

transfer 

2. 1 .2 Calculation of a dynamic look-up table for an RGB-sensor signal 

2.2. Dynamic range control with an inverse dynamic look-up table for 

measurement . 

2.2.1 A problem with increasing scene illumination 

Appendix: A simplified RGB reconstruction of a dynamic range 
control applied to an analog sensor signal. 

1 Dynamic range control subsequent to a matrix and white balance control. 

Fig. 1 shows the block diagram of a scheme of signal reconstruction, 
comprising a dynamic range control (DRC) located between an AWB control (Auto White 
Balance) and a gamma processing. 

An image sensor with an RGB Bayer color array, is followed by a 12-bit ADC 
(analog to digital converter). The 12-bit ADC is of course rather arbitrary. Depending on the 
application it can be any converter between a 10-bit and a 16-bit converter, wherein it is 
assumed that 2 or 3 bits are reserved for the dynamic range control. 

The proposed method of signal reconstruction comprising a dynamic range 
control processing of an image is preferably applied with images, as e.g. computer pictures, 
having a 10 to 16 bit depth for each color. On 8 bit or lower depth computer pictures it may 
be applied as well, although then there is the risk of visible quantification. 

In the preferred embodiment a 12-bit ADC with 2 bits for dynamic range 
control has been selected. A 100% signal amplitude is achieved with 10 bits. This allows a 
maximum over-exposure of a factor of 4, which corresponds to a signal amplitude of 400% 
or 12 bits. 

Following the 12-bit ADC a multiplexed digital RGB signal is available in the 
form of a row alternating RG and GB sequence due to the Bayer color array. Following the 
RGB reconstruction three continuous RGB signals are available, each with a 12-bit 
quantification. 

The color correction by means of the sensor matrix and the AWB control is 
followed by an auto exposure (AE) measurement in a parallel loop. This AE unit determines 
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and controls the exposure time of the image sensor and also predicts the DRC parameters. 
For the sake of clarity, it should be mentioned that the AE control is best executed in a closed 
loop, while the DRC is advantageously a predictive controller. 

From the ADC to the DRC a 36-bit quantified RGB signal is applied, 12 bits 
for each primary color. After the DRC the RGB data consist of only 1 0 bits per color (30 bits 
for RGB), corresponding to a 100% signal amplitude. Fig. 3 exemplifies a dynamic range 
compression of 4 times. 

In the block diagram of Fig. 1 it is assumed that the AE measurement is 
executed on a luminance Y-signal, of which the arbitrary RGB weights are chosen according 
to the color television transmission appointment: Y=0.3*R+0.59*G+0.1 1*B 

The RGB weights in the luminance signal are usually derived from the 
luminance contribution of the early CRT phosphors used in the NTSC television system. 
Today the luminance output of the phosphors has been greatly improved, causing a 
completely different luminance contribution (Y=0.22R+0.71G+0.07B), as well as another 
color gamut. For all video cameras of known art, including the NTSC countries such as the 
USA and Japan, the color gamut has been adapted to the new CRT phosphors. As a result, the 
old luminance weights only concern an appointment about the transmission of the television 
signals. Moreover, due to the matching of the camera and CRT color gamut, they do not 
influence the color reproduction at all. 

Behind the white balance control processing the RGB signals are supposed to 
be equal in the case of white colors. This means that the same dynamic range transfer can be 
applied advantageously to each of the three RGB signals. Similarly, the same gamma-transfer 
can be applied. If a look-up table (LUT) is used, one single LUT is sufficient for the DRC. 
Look-up tables will be described in further detail below. 

There are many ways of realizing the AE control and of determining the 
amount of dynamic compression. As both, neither AE control nor the measuring of the 
dynamic compression, are main subjects of this report, one can assume that the average 
signal of the whole scene is used for the AE control and that a rather arbiteary peakwhite 
detector is used to determine the dynamic compression. In this chapter a compression of four 
times is assumed (4096/1024). Before the DRC this results in a maximum peakwhite 
amplitude of (2 12 -1) = 4095. RGB input signals to the DRC larger than 4095, which can be 
generated simply and exclusively by the matrix and the AWB control, will be limited to a 
maximum output level of (2 10 -1) = i 0 23. The 12-bit ADC has already limited the RGB 
sensor signal to a maximum value of 4095. As it is rather unlikely that the RGB 
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kneelevel, { preferred kneelevel } 

newkneelevel, { realty applied kneelevel } 
refkneecompres, f preferred amount of compression } 
kneecompres, { actually applied compression } 
zerointersection { intersection of compressed line for Yin=0 } 



{ Calculate newkneelevel as Junction ofkneetype } 

if peakwhite>4095 then peakwhite=4095 
newkneelevel=1023 

if peakwhite>1023 then { dynamic compression is desired } 
begin { default kneetype = 2, with a fixed kneecompression, 

so) 

kneecompres=refkneecompres 

{find zerojntersection (Yin-0) for line y2 for which 
counts: 

y2 = zerojntersection + kneecompres*newkneelevel (in 
Yin direction) 

for peakwhitefor they24ine counts: 
1023 = zerojntersection + kneecompres*peakwhite, so} 
zero_intersection=1023-(kneecompres*peakwhite) 

{find newkneelevel at the intersection of the lines yl and 

yl = 1.0*newkneeleve 

y2 = zeroJ,ntersection+kneecpmpres*newkneelevel } 
if (1 .0-kneecompres)oO then { prevent division by zero } 
newkneelevel=zero_intersection/(l .0-kneecompres) 
else newkneelevel=1023 

if newkneeleveKkneelevel then { step over to kneetype=l } 
begin 

newkneelevel==kneelevel {maintain kneelevel, find Jcneecompres value) 
kneecompres=(l 023 -newkneelevel)/(peakwhite-newkneelevel) 
end 
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DRC, it will become clear that it is very unlikely that the three RGB signals are still equal for 
the white color after the AWB control. This will be the case if, for example, the color 
temperature of the scene corresponds to 6500 K and the matrix is the unity matrix. Thus, 3 
knees usually have to be provided in this first embodiment for the processing of an analog 
signal. 

2 1 1 The influence of amatrix and white balance parameters on the knee transfer. 

The sensor matrix uses the a^ parameters as follows: It is essential that the 
multiplication of the white balance parameters with the sum of matrix parameters is in unity. 
Assumed the following sensor matrix , 

all al2 al3 
a21 a22 a23 
a31 a32 a33 

and the measured white balance parameters awbR and awbB are given. In such a case equal 

analog knee transfers in the front are only obtained if: 

(all+al2+al3)*awbR=l 

(a21+a22+a23) =i 

(a31 +a32+a33)*awbB=l 

In such case the inverse b« matrix is defined as: 

Ml bl2 bl3 

b21 b22 b23 

b31 b32 b33 

Itholds AxB = l ; where lis the unity matrix. 

The awbR and awbB parameters are the measured white balance parameters 
when an arbitrary scene color temperature is given. According to the World Gray 
25 Assumption Method (WGA) the following holds true: 
awbR - totalGreen/totalRed 
awbB = totalGreen/totalBlue, 
where totalRed, totalGreen and totalBlue represent the total of the RGB color amplitudes 
measured over the whole scene. Just as in the case of the inverse matrix, the inverse white 

the front for each primary color. This requires a great deal of calculation power because the 
so-called SXiwb- parameters need to be calculated first, followed by the RGB-transfer 
curves. Abbreviations are used: 1= sigma and X = the R, G or B primary color.) 
IRiwb = (l/awbR)*bll+bl2+(l/awbB)*bl3 
35 ipiwb = (l/awbR)*b21+b22+(l/awbB)*b23 W 
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Fig 7 gives an example of three different knee transfers for the analog DRC m 
the front The applied matrix is in unity and the seene color temperatnre is about 4000K 
(Kelvin). It is evident that the o*put signal of the red knee eurve supersedes the maxunum 
5 valueof the 10-bit ADC by a factor of 1.22. Thismeans drat an U-bi« ADC sbouldbe 
applied or, in ease of maintenance of the 10-bit version, that the maximum output level 
should be lowered to 2'-l - 5 11 , so that 1 bitis again avadable for the red or blue curve as a 
fcncuonofalower or higher scene color .emperahue man the white of an average dayhgh, of 

6500K. • t*v i» 

0 In case of a unity matrix, the inverse matrix is unity as well. The £Xxwb- 

parameters are men determined by the white balance parameters only. 
YRiwb = 1/awbR 

ZPiwb = 1.0 ^ 
Ypiwb - 1/awbB 

15 Ablackbody radiator of 3200K gives the foUowing ratio for the primary colors: 
R - G : B- 1.45 : 1.00 : 0.37 
mordertoachieve R =G=B after the whitebalance control, the white balance parameters 

have to be: 

awbR=l/1.45 and awbB=l/0.37 

20 As a consequence: 

£Ri WD = 1.45, EGiwb = 1.0 and EBiwb = 0.37 

The maximum RGB outputs of the knee transfer will then be 1.45, 1.0 and 
0 37 times the maximum output of 1023 respectively. 

For a color temperature of 3O,00OK the following holds true: 
~ 5 R • G : B = 0.85 : 1.00 : 1.83 

Here the maximum output of the blue color after the knee transfer will be 1.83 
times the maximum ou*utof!023. Thus, in the case of a unity matrix, the factor to increase 
thesignalamplitudeof the ADCby means of a single extra bit willbesuffic^ntfor acolor 
temperature range varying from 3200K to 30,000K. If an extrabit is assumed for the ADC, r. 
30 e atotalofllbits,themaximumoutputvaluewillbe2 11 -l-2047. 

In practice, white balance circuits will start to limit the red andblue gam 
factors towards rather low (3200K) and high (30.000K) color temperatures in order to 
n^sometbingofme color sphere ofthe original scene. Thus, the increase of the red and 
blue amplitude willbe somewhat smaller than 1.45 and 1.83 respectively. 
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The maximum output after the matrix and AWB control as shown in Fig. 6 
remains however 1023, because the RGB-amplitudes are equaled out for white. It is also 
important to be aware that the knee transfer of green in Fig. 7 corresponds to the transfer of 
the DRC after the matrix and AWB control as described in chapter 1. 

In case of a color temperature of 6500K, for which the white balance 
parameters awbR and awbB are in unity, a formula can be written, wherein the sum of the 
inverse matrix parameters determines whether the maximum ADC value of 2047 will be 
superseded. This specific case can be important for a possible adaptation of the matrix and 
will be used in the following explanation. 

For a color temperature of 6500K for the I^iwb-parameters count: 
YJMwb = bll+bl2+bl3 
Ypiwb = b21+b22+b23 [3] 
y £J3iwb=b31+b32+b33 

In order to remain within the 1 1-bit range of the ADC it may be necessary to 
resize the matrix. For such a purpose, and using a formula, [1] the IXiwb- values should be 
calculated for the limits of the color temperature range, assumed to be 3200K and 30,000K in 
this case. The largest of the EXiwb- values should then be taken. If one of them is larger than 
two, it should be lowered to just below two by making a proportional adjustment to the whole 
matrix. This will guarantee that the maximum output value of 2047 will not be superseded. 
Conversely, if for 6500K the EGiwb-value (formula [3]) is smaller than one, then the whole 
matrix should be proportionally increased in such a way that the EGiwb- value becomes one. 
This will guarantee abetter quantification of the sensor signal. The first priority, however, is 
given to resizing the matrix as a function of the limits of the color temperature range. 

Two examples of existing matrices will be given to clarify this proportional 
matrix adjustment. 
First example: 

Matrix 1 (an FT matrix) 3200K 6500K 30.000K 

2.000 -0.771 0.006 Yfiiwb=1.560 YJRiwb=1.454 JJliwb=1.540 

-0.238 0.762 -0.291 Ipiwb=2.227 Y&iwb=2A90 ZGiwb=2.922 
0.045 -0384 0.915 YJBiwb=1.256 lfiiwb=2.066 YJBiwb=3.155 
£Biwb at 30,OOOK is much larger than 2 and will be adjusted to 1 .99, 

resulting in the following matrix and the corresponding inverse matrix: 
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, 171 1222 0.009 0.363 0.422 0.132 

Lxi 0/23 1-099 0.349 

n *77 1 240 -0.461 

0 . 07 i -0.609 1.451 this would have given the 

.,• . „„»11 matrix oaranetere with a ftctoi of 3.171/2.0UU 1.3. 

• r — — ssr. 

the AE loop for that scene will thus be maintained. 
10 Second example: ^ 3ftWM: 

-0.5OP MM » 78; ^..^ 

r f : IwWuea^petaedca^e^oftwc.The TPiwh-valne at 
Noneofthe^wbvai f - u result ^ the following matrix 

^afteranextrachec^mmefoUowtng^wbvames ^ ^ 

£L£L2*-«* ^-vahteasnpetaedeamefacto, 

^ ^inverse matrix is shown below: 
required. The inverse ma ^ ^ Q m 

25 0207 0.787 0.006 

0.163 0.172 0.424 

-r.tr ===== ' 

.uantificanon. 7 and 8 kneetype=2 has been applied to the different knee transfers. A 

Bp. 7 and 8 kneetyp session) than fox 

ta eetype=l (with a fixed kneeleveV). For toeetyp as desc ribed in 

35 sameas inthe case of metaeeprocesstng after the matrtx and A 
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chapter 1. Kneetype=l shows a small color and amplitude deviation. Further, it is evident that 
neither the heaviness of the sensor matrix, nor the range of the white balance will influence 
the performance of this front knee processor. For implementation it is, however, important to 
be aware of the range needed for the three different knee transfers. 



knee transfers requires a selection switch that controls the knee transfer for each color. A 
preferred way of implementation could be achieved by switching kneelevelR(G,B) and 
peakR(G,B) as a function of the actual color offered by the sensor. Fig. 9 shows an example 
of how thre§ different knee transfers cjan be realized by using a §ingle 'RGB knee transfer; 
10 processor 5 that receives the kneelevel- and peak-settings via two switches in phases related to 
the sensor colors. 

2. 1 .2. Calculation of the dynamic look-up tables (dynamic luts) for an RGB sensor signal. 



now has to be calculated. Because this procedure also counts for the DRC as described in 
1 5 chapter 1 , four dynamicluts are calculated. 
f Declaration of variables } 



5 



As the sensor signal is a multiplexed signal, the realization of three different 



The look-up table (lut) of the DRC, hereinafter also referred to as dynamiclut, 
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peakwhite, 
kneetype, 



EXi, 

dynamiclut A [k,i], 



newkneelevel, 
kneecompres, 



{ is unity for a conventional DRC, otherwise YXiwb for DRC in front } 

{ the knee transfer for the conventional DRC (k=0) and for the front DRC 

(k-1 to 3), the parameter i represents the input position} 

{ peakwhite without dynamic range compression } 

{ kneetype-0: no dynamiclut has been applied, kneetype=l with fixed . 

kneelevel and kneetype=2 with fixed compression } 

{ really applied kneelevel as already calculated in chapter LI} 

{ really applied compression } 



25 



30 



{ Start of the calculation of the dynamicluts } 

if (peakwhite>1023) and (kneetype>0) then { for peaJcwhite<1024 no knee transfer is needed } 

for k=0 to 3 do { k=0for conventional DRC, k=l to 3 for DRC in front } 

begin 



case k of 

0: EXi=l { conventional DRC } 

l:EXi=ERiwb 



2: EXi=EGiwb 



35 



3:EXi=EBiwb 



end {k case} 
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for i=0 to EXi*peakwhite do { also peakwhUe has to be multiplied with 

EXi) 

tf^newkneelevelthen { compressed transfer part } 

j=EXi^ewkne e level4-kneecompresni-EXi*tiewkneelevel) 

else j==i { linear transfer part } 

dynamiclut A [k,i]=j 

for i=EXi*peakwhite+l to 4095 do 

dynamiolut-[k,i]=j { above peakwhite+1 the transfer is flat} 

end 

else if kneetype=0 then 

/ no dynamiclut has been applied} 
begin 4 

for k=0 to 3 do for i-0 to 1023 do dynamiclut A [k,iH 
for fc=0 to 3 do for i=1024 to 4095 do dynamiclut^[k,i]-255 



end 



{ far the analog DRC as described in chapter 2X 
the inverse lut will be calculated } 

if „eakw>ute>1023 ften mv^DynanicLOT {see ckap.er2.2for Msprocedure} 
, n ForMth edynamiolu« OT b S e q uea..othema tt ixandAWBcon to l.sfhe 

' ^ an «ampl= of which is shown in Kg. 5. As has aheady heen explained 
the same knee transfer is applied to fee RGB signals. 

For k=l to 3, as a function of the inverse matrix and fee inverse white balance 

f „ (.„„,„,, m three different knee transfer curves will result for the 
parameters according to formula |1J, tnree ouierc . 

25 RGB sensor signals in fee front Figs. 7 and S show two examples of feose knee transfers 
ev erytimefeewlritebalance parameters change. Only incase of an idea, umty matirx and f 

the dynamic compression as applied after fee matrix and AWB control. 
, n 22 Dynamic range control wife an inverse dynamic LUT for measurement. 

The second preferred embodiment of an analog DRC acting before fee ADC 
wiUbe consideredhere. Theblock diagram of Fig. .0 shows featfee AE measurement ,s 
execnfedviafeeprocesamgpafe.fer.mclufeng.henon-linesrDRCinfeefront 

Tne three differentknee transfers in fee ftontwiU disturb fee AE and dynamrc 
35 ^gemeaamcmentaflerfe.matiixandfeeAWBconti.l.Themfom^elnminancesignalts 
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processed first with an inverse dynamiclut before the measurement occurs. This will undo the 
effect of the non-linear transfers in the front and will make it possible to predict what should 
happen there again. Due to the inverse dynamiclut the measurement results will be the very 
same as those in chapters 1 and 2.1. It is, however, problematic if the scene illumination is 
5 increasing. This will be elucidated in chapter 2.2. 1 . 

The procedure of the InverseDynamicLUT has already been mentioned in the 
previous chapter. After that place the last rule of the software describing the calculation of 
the dynamic look-up table reads: 

if peakwhite>1023 then InverseDynamicLUT 
1 0 The software procedure of the InverseDynamicLUT used here is one of the 

possible methods of calculation and has been realized as follows: 
Procedure InverseDynamicLUT 
{ Declaration of variables } 

peakvalue, { 1023 or a value between 1023 and 

15 peakwhite } 

maxdynalutvalue, { the maximum value of dynamiclut*[0,i] } 

begin 

{calculate inverse dynamiclut} 

for i=0 to newkneelevel do dynamiclut^iH { linear knee tranfer } 
20 for i=newkneelevel+l to peakvalue do 

begin { inverse part of dynamiclut[4] } 

dynamiclut A [44]:^ewlmeeleveR(i-newkneelevel)/kneecompres 

if i=peakvalue then {after peakvalue maintain maxdynalutvalue } 

maxdynalut^ewtoeelevel+(peakwta 

25 end 

for i=peakvalue+l to 4095 do 

dynamiclut A [4,i]=maxdynalut 
end {of Procedure InverseDynamicLUT} 

Fig. 11 shows an example of an inverse dynamic look-up table, the variable 
30 dynamiclut[4] in the above software module. The conventional dynamic look-up table, the 
one acting before gamma as shown in Fig. 1, is represented by the variable dynamiclut[0] in 
the above software module. If the compression of the variable dynamiclut[0] from the 
variable newkneelevel to the variable peakwhite 1 is equal to the variable 'kneecompres 1 , then 
the amplification in the same part of the inverse variable dynamiclut[4] amounts to 
35 1/kneecompres. For example a compression factor of 0.25 in ! dynamiclut[0] ! results in a gain 
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factor of 4 in •dynamiclutW. By using the ontpnt of 'dynannolntOT as the inpnt for 
■dynannclnWanneartransforcnrvoupto^hitewiUagainboobtamad^ 

As the maximum luminanee output value after the matrix and AWB oontrol ts 
hmited to 1023 (the input is •dynamilutfO]'), at a firs, glance it is sufficient «o realize an 
fnvemedynamiclook-uptableto 1023. AaflteAEconnolisacnngfnaloopmevalueof 
,023 as the maximum lurntaanc*outeut could well be superseded. Therefore, abetter to 
appfy a "peakvalue- somewhat beyond 1023,pteferablybetweon 1023 and-peakwhue . 
Kg. U shows fwoinversedynamic look-up table curves, one for peakval„e=1023 and one 

forpeakvalu^=peakwhite. ' 
0 B^dbenotfcedthatifahistogramhasbeenuaedforureABmeaaurem^t, 

i, ia also possible to apply a histogram swtcher within the limit of the variables 
newkneelevel to peakwhite fnstead of Ore inverse dyuamicluf aa described here The 
histogram stretch shoufd be processed up to Ore limit of peakwhite in order to be able to 

recover the original histogram again. 
15 213 A problem with increasing aceneatumination. 

" " Aa indicated above, me perfoimance of using an imwae dynamic look-up 

.able for the DRC tame front ia the aameaa mat for fhemeflrod described in Ore chapter 
miat a parallel measurement circuit. Before showing what may happen with a decreasing 
acone illumination, some varices followed by Ore general procedure of me ante exposure 

20 loop will first be elucidated. 
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{Declaration of variables} 

rneasuredpeakwhite, {the measured peakwhite value of the scene} 

measured Average/ measured average of scene } 
referenceAverage, { reference average value to control to } 
measuredAEgain, { the measured auto exposure gain from scene } 
AEgain, { product of AEgain and measuredAE gain to control image sensor } 
peakwhite { measured peakwhite multiplied with measuredAEgain } 

In the following, in 8 steps, the general procedure for an AE control with the DRC in the 

front and an inverse dynamic look-up table is described: 

1. Start with an initialization: AEgain- LOO, all dynamic look-up tables, 
including the inverse dynamic look-up table, are set to linear mode. 

2. Via the DRC in the front, the reconstruction, the matrix and theAWB, a 
luminance signal is realized, the 'measuredAverage' and the 'rneasuredpeakwhite' values of which 
are measured after stretching the luminance signal by the inverse dynamic look-up table. The 
'measuredAverage' and the 'rneasuredpeakwhite 9 values can also be obtained from the luminance 
histogram of the scene. In that case, an alternative to the inverse dynamic look-up table can be a 
histogram stretcher acting from the 'newkneeleveV value to 'peakwhite'. If the histogram has been 
measured via the inverse dynamic look-up table, no histogram stretcher is of course needed. 

3. The following parameters are then determined: measuredAEgain, AEgain 

and peakwhite. 

measuredAEgain = referenceAverage/measuredAverage 
AEgain = AEgain*measuredAEgain 

The auto exposure control is a closed loop of which finally the AEgain controls the exposure time of 
the image sensor. 

peakwhite-measuredAEgain *measuredpeakwhite 

5. In order to prevent an error in an increasing scene illumination, due to the 
inverse dynamic look-up table, the following rule is needed: 

if pealcwhite<-1023 then AEgain=measuredAEgain*1023/peakwhite 

6. if peakwhite>1023 then calculate newkneelevel, see chapter 1.1. 

7. if peakwhite> 1023 then calculate the dynamicluts, see chapter 2.1.2. 

8. Next calculate the inverse dynamic look-up table, see chapter 2.2. 
if peakwhite> 1023 then InverseDynamicLUT 

Finally, the AE measurement restarts at step 2, and so on. 

With the aid of Fig. 12 and the general procedure for an AE control as outlined 
above, the following explains what happens if the scene illumination decreases from about 
100% to 40%. The results are drawn from an original figure, starting with an illumination of 
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100%. A color temperature of 6500K and a unity matrix are assumed, resulting in equal 

dynamic RGB look-up tables in the front 

Attoetoitializationofstep 1, the ABgain-1.00 and all look-up tobies are set to 

fines, For all situations A to D inFig. 12 r«ferenceAverage=512 

knee.ype-2. The measured histogram of the scene is show on top of J ; a. A-tort The 
horizontolaxisofalumnw.eebistograrnrepreaemsmesignal axnpUn.de dtvtded mto2 

sclents. With a 10-bi. ADC n can be chos^een 6 and ,0, i. e. 64 and ,02 segments. 
Theverhcalaxisrepresentabowmanypixe.sofmetottascenematehmevalneofa 

horizon*! gray-segment M^tec^v*™***^^'*^*" 
toto lnumber of pixels of*, scene. On the right hand side the measured and calculated 
pammeters are shown as they are after execution of me program steps 2 to 8. The shown 
dylic look-np tables are arso obtained as they are after me exeenrion of step S. Dnrmg step 

3 the following is calculated: 

meaauredABgain-512/348-1.47, ABgata=l. 00* 1.147=1. 47 and 

; peakwhite-1.47*1004=1476. 

to the second loop as shown in situations of Kg. 12, steps 2 till 8 are then 
mpeated. The RGB dynamie ,ook-np tob.es have now been activated and me histogram has 

•new.mee.ever parameters are maintained. Only toe measnred parameters have changed due 
•0 **^<AB0U«l".*^l^»*~ m ?^'r t ^*' t 

' Hg. Urt-^^i^^^""^ to 
to sitoation C of Fig. 12, the scene fflnmination is then lowered from 100% to 

As . consequence the WuredAvcag* and Wuredpeakwbite. vetoes wUl also decrease 
25 by a factor of 2.5. to order to compensate for the illnnrinarion loss of a factor of 2.5 toe 
JeasnredABgain' wiU inc^aae 2.5 rimes and the final •AEgain' wfil become 

At situation D the change in iltamination has been compensated by means ol 
toe AEgain and, in addition to mat parameter, all others are toe same as for situation B. 
"""""" In conclnsion, for a decreasing scene iUumination the method nsing an mverse 
30 dynamic look-np tab.e behaves in toe same way as toe method in chapter 2.1 with a parallel 
AE measurement. 

Note that step 5 has not been activated at all because -peakwhite has been 
larger than 1023. 
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However, in case of an increase in the scene illumination, a problem could 
occur if, for the time being, step 5 of the general AE measurement is omitted. This will be 
explained by increasing the iUumination of the original of a figure from 40% back to 100% 
again. 

Fig. 13 starts with situation D, which is copied from situation D of Fig. 12. 

In situation E of Fig. 13 the illumination is increased to 100%. Due to AEgain, 
still being 3.69, and the dynamic look-up table being followed by the inverse dynamic look- 
up table, all luminance values above 1476 are limited (clipped) to that value. As a lot of data 
is clipped, a large histogram segmenf occurs near to value 147ff which corresponds to the 0 
measured peakwhite. The measured average has become very high as well (988). Step 2 
results in the following parameters: 

measuredAEgain=988/5 12=0.52, AEgain=3. 69*0.52=1. 92 and 

peakwhite=0.52*1476=768. 
Steps 6, 7 and 8 of the general procedure are not activated because peakwhite is not larger 
than 1023. This means that the previous (inverse) dynamic look-up tables will be maintained. 

By omitting step 5 in the general AE procedure, the intermediate state E will 
finally, i.e. after already two loops, become situation F, which appears to be a stable 
situation. The dynamic look-up tables and, as a consequence all other parameters shown on 
the right side of situation F, clearly differ from the desired situation B as shown in Fig. 12. 
This is caused by the fact that a part of the scene data is still clipped. Peakwhite is not the 
desired peakwhite value, because the last segment of the histogram contains an undefined 
amount of clipped data. Therefore, a solution that indicates how much data has been clipped 
cannot be applied. The software simulations clarify that the omission of the condition that 
peakwhite should be larger than 1023 in step 6, 7, and 8, causes an instability of the AE 
control. 

Of course, there maybe other possible solutions as well. The one applied here 
adds step 5 to the general AE procedure. As previously outlined, in situation E of Fig. ? the 

steps 6, 7, and 8 are not executed. Because peakwhite is smaller than 1023 step 5 will become 
active: 

AEgain=measuredAEgain* 1 023/peakwhite= 0.52*1 023/768=0.69 . 

With step 5 activated all parameters in situation E are the same as if step 5 had 
been omitted. The only difference concerns the 1 AEgain' which is 1.33. In the next loop the 
desired dynamic look-up tables have already been found and are the following loop situation 
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Fp is illustrated in Fig. 13 with its stretched histogram. As can be seen, situation Fp is very 
similar to situation B in Fig. 12. 

Finally the following has to be noted: 
1 The use of step 5 in the loop has a very interesting advantage for the AE 

control. If for example a text on a white paper is measured without step 5 having been 
activated then the AEgain will become somewhat larger than 0.5. The signal amplitude 
corresponding to the white paper will become about 50%, and will thus be displayed as a 
gray in stead of a white paper. With step 5 activated the AEgain will be about 1 .0, so the 
white of the paper will receive a 100% signal amplitude. 

2. The detection of 'peakwhite' should occur below the 'whiteclip' level of the 

image sensor. This procedure may be incorporated for an AE control with DRC. 
No time constants have been applied to the software simulations of the AE control loop. 
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APPENDIX: A Simplified RGB reconstruction for a DRC in front 



Fig. 14 shows a simplified reconstruction for the parallel AE measurement if 
an analog DRC has been applied in the front. The G2 pixel is regarded as the present pixel 
offered by the sensor. The previous red pixel has passed through a pixel delay and will be 
available at the same time as G2. The Gl pixel of the previous row is matched in time with 
G2 via arow and apixel delay. The Gl and G2 pixel are combined into a single green pixel. 
The blue pixel is also matched in time with G2 via the row delay. Three parallel RGB signals 
are now available when the G2 pixel is present, but only for even rows and even columns. By 
means of a sample and hold at half the speed of the pixel clock not shown in Fig. 14, a 
continuous RGB signal can be realized for even rows. For odd rows, no RGB signal is 
generated. As shown in Fig. 1 5, the AE measurement only occurs during the even rows. By 
means of numerous switches between delay elements as a function of a blue pixel present in 
an odd row, it is possible to realize a continuous RGB signal in odd rows as well. For the AE 
measurement this is however superfluous. 

The above-mentioned simplified RGB reconstruction can be applied to CCD 
as well as to CMOS sensors. At the cost of extra row delays, not explained here, it will of 
course be possible to realize a continuous measurement signal at a quarter of the sensor clock 
speed. A respective continuous measurement signal is shown in Fig. 16. 
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1 Method of signal reconstruction comprising a dynamic range control 

processing of an input signal of an image to generate an output signal of the image, the 

method comprising the steps of: 

providing the input signal; 
5 . determining an amount of dynamic range control processing by: 

- specifying an input range of the input signal, and 

- specifying an output range of the output signal, 

selecting a convex function as a non-linear transfer characteristic capable of 
compressing the input signal according to the amount; 
10 . processing the input signal wherein the input signal is transferred by means of 

the convex function; 

generating the output signal as a result of the processing. 

2. The method according to claim 1, characterized in that at least a peak value 
15 and/or an exposure average value taken from the signal is used to determine the input range 

and/or the output range, in particular taken by measurement and/or histogram analysis of the 
signal, in particular taken from a luminance signal. 

3. The method according to claim 1 or 2, characterized in that the input signal is 
20 compressed if a peak value of the input signal exceeds the output range. 

4. The method as claimed in any one of claims 1 to 3, characterized in that the 
input signal is compressed with regard to a mere fraction of the image. 

25 5 The method as claimed in one of the preceding claims, characterized in that 

the convex function is selected depending on the input range and/or the output range. 

6. The method as claimed in one of the preceding claims, characterized in that 

the convex function is formed by at least a first and a second part having a kneepoint as a 
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pointof intersection of tire first and the second par. wherein «he firs. par. of fire convex 
Lotion has an average steepness exceeding fire average steepness of fire second part. 

7 The metirod as claimed in claim 6, characterized in that the kne*point is 

5 ^ontireconvexfimctionataapecifiedKneelevelaeparatingtitefitstpariandflre 

second part, 

Themettr^asclaimedinclaimstiorT.chamcterizetimmateaehofttrefimt 

10 steepness. 

„ The method as claimed in any one of claims 6 to 8, characterized in (hat fire 

convex ftmetion is selectedby varyingtire steepness of fire second part, in particular by 
simnltaneoosly keeping fire kneelevel constant. 

i0 ThememodasclamretimanyoneofclaimstiteS.chameterizedmtha.me 
simultaneously keeping me steepness of the second part constant 

, , The method as claimed in any one of claims 6 to 10, characterized in ma. fire 

convex function is selected depending on me input and/or fire output range, wherem a 
combination of varying the ateepneas and varying me kneeleve, is avarlabte. 

M The method as claimed in any one of claims 6 to 11, characterized in that 

25 varying fire steepness of fire second par. is eeiected if me input range of fire input aignal 
exceeds a predetermined threshold level. 

13 The method as claimed in any one of the preceding claims, characterized in 

that the image signal comprises a number of components, in particular a luminance 
30 component and/or one or more color components. 

14 . Thememodasclaim^ 
formed by a Y-UV-signal or an RGB-signal. 
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15. The method as claimed in one of the preceding claims, characterized in that 
the amount of dynamic range control processing is determined on a Y-signal, in particular a 
Y-signal derived from an R-, G- and B-component or determined on at least one component 
of an R-, G- or B-component. 

1 6. The method as claimed in one of the preceding claims, characterized in that 
the input signal is a digital signal. 

17. * The method as claimed in claim 1 6, characterized in that the digital Signal is 
received from a white signal balancing module and, in particular, the output signal is 
provided to a gamma-control module. 

18. The method as claimed in anyone of the claims 16 or 17, characterized in that 
an amount of compression range is commonly applied to all components of the image signal 
for dynamic range control processing and/or the components are processed by means of a 
convex function common to all components of the image signal. 

19. The method as claimed in any one of claims 1 to 15, characterized in that the 
input signal is an analog signal. 

20. The method as claimed in any one of claims 1 to 15 and claim 19, 
characterized in that the input signal is received from a sensor, in particular a sensor matrix 
and, in particular, the output signal is provided to an analog digital converter. 

21 . The method as claimed in any one of claims 1 to 1 5 and 1 9 to 20, 
characterized in that at least one of the components of the image signal is processed by 
transferring the at least one component by means of a specific convex function according to a 
pre-determined amount of dynamic range control processing, which has been determined 
specifically for the at least one component. 



22. The method as claimed in any one of the preceding claims, characterized in 

that the steepness, and/or the kneelevel and/or the input range is determined from a specific 
signal component, in particular a luminance signal, and is selected for all signal components. 
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The method as claimed in any on. of *e preceding claims, characterized in 
Lor <he kneelevel and/or tho input range is selected accordmg to a 

particular for a color component. 
5 „ The method as claimed in any one of claims 1 to 15 and 19 to 23, 

signal. 

The method as claimed in any one of claims 1 to 15 and 19 to 24, 

10 25. The method as c t ^Wded in a loop parallel to the dynamic 

characterizedmmatanexposuremeasurementasprovxdedmalo pp 

range control processing. 

Thememodasclatoedinanyoneofclaimsl«.15andl9to25 

range control processing. 

^memodasc^edmolaims^orae.charac.rizedmmatoriginaldata 
r^mpu.signalarere^vedand.heorigina.dataareprovidedtoanexposnre 

20 measurement and a white balance control. 

Xhe method as claimed in claim 27, characterized hi 1iiat the original data of 

Themethod as claimed in claim 27 and 28, characterize* in that me exposure 

white. 

hnagmg device for signal reconshucrion comprising a means for dynamic 

image device comprising: 

an input means for providing an input signal; 

LTans for determining an amount of dynamic range control processmg 

comprising: 
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- a means for specifying an input range of the input signal, and 

- a means for specifying an output range of the output signal; 

a computing means for selecting a convex function as a non-linear transfer 
characteristic capable of compressing the input signal according to the amount; 
5 a processing means for transferring the input signal by means of the convex 

function; 

an output means for generating the output signal from the signal received by 
the processing means. 

10 31. Computer program product storable on a medium readable by a computer 

system, comprising a software code section, which induces the computer system to execute 
the method as claimed in any one of the preceding method claims when the product is 
executed on the computer system. 

15 32. The computer program product as claimed in claim 31 comprising a module 

for calculation of a dynamic look-up table for selection of a convex function as a non-linear 
transfer characteristic depending on at least one of the parameters selected from the group 
consisting of: peak value, exposure average value, input range, output range and temperature 
value. 

20 

33. The computer program product as claimed in claims 3 1 or 32, characterized by 

a module for calculating an inverse dynamic look-up table as an inverse non-linear transfer 
characteristic. 

25 34. The computer program product as claimed in any one of claims 3 1 to 33, 

characterized by a module for calculating a dynamic look-up table and/or an inverse dynamic 
look-up table if the input signal is an analog signal and which is specifically adapted for at 
least one component of the input signal. 
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ABSTRACT: 



A dynamic range control is of particular interest for scenes with a high 
contrast between dark and bright parts. Both parts may contain detailed information, although 
in most cases the dark part is given priority during signal reconstruction processing. In such a 
case the dark parts of a scene are amplified toa level that offers sufficient visible details, 
whereas in most prior art cases the bright parts may supersede the maximum permissible 
signal amplitude and will then be clipped. Such a measure will, in most cases, cause the loss 
of all details above and beyond the maximum permissible signal amplitude level. It is 
proposed that in particular the bright parts of a scene are compressed by means of a non- 
linear transfer function such that the specific demands of an input signal are taken into 
account. 
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